We have examined the fates of the progeny of supernumerary embryonic stem cells (O/P teloblasts) generated by microinjecting polyadenylic acid into newborn O/P teloblasts in embryos of the leech, Helobdella triserialis. In normal development, each O/P teloblast generates a rostrocaudal column of daughter cells (primary blast cells) that contribute distinct segmentally iterated 0 or P sets ofepidermal and neural progeny to the mature leech. Previous results suggest that primary blast cells derived from ipsiliteral pairs of O/P teloblasts are equipotent and equivalent at birth; that they and their progeny assume distinct 0 or P fates according to hierarchical and position-dependent interactions; and that the P fate is the primary, or default, fate and the 0 fate is the secondary fate. In the work presented here, one O/P teloblast was experimentally induced to undergo a supernumerary equal division, and the developmental fates of the progeny of the three (two "duplicate" and one "nonduplicate") ipsilateral O/P teloblasts were determined at stages 8 and 10. We find that some supernumerary O/P teloblasts produce supernumerary P progeny, whereas others generate supernumerary 0 progeny. When three O/P-derived bandlets are present, bandlets derived from the duplicate O/P teloblasts give rise to progeny of the same (O or P) fate. When the nonduplicate bandlet is absent, the duplicate bandlets assume distinct 0 and P fates. These results suggest that ipsilateral sister O/P teloblasts, while equipotent, might not be equivalent.
Groups of seemingly equivalent, multipotent embryonic cells whose fates are determined by hierarchical and positiondependent cell interactions (equivalence groups) have been identified in a number of organisms (1) (2) (3) (4) (5) (6) . In the work presented here, we analyze further the developmental plasticity (i.e., capacity to change fate in response to a developmental perturbation) ofthe progeny (primary blast cells) ofan ipsilateral set of embryonic stem cells, called O/P teloblasts ( Fig. 1) , that are thought to constitute an equivalence group in embryos of Helobdella triserialis,+ a glossiphoniid leech.
Previous studies suggest that primary blast cells derived from these O/P teloblasts are initially equivalent and that they assume distinct 0 or the P fates (Fig. 2) as a result of hierarchical, position-dependent interactions. In H. triserialis, blast cells in the o bandlet "transfate" (i.e., give rise to progeny characteristic of the P kinship group) to various degrees under several experimental conditions, including the absence of neighboring p blast cells due to the ablation of the ipsilateral generative P teloblast (2) and the photolesioning of the neighboring p blast cells before the third or fourth mitosis in the presumptive o blast cell clone (7, 12, 13) . Transfating is not symmetric; the p blast cells do not change fate when generative 0 teloblasts or neighboring cells in the o bandlet are ablated. Thus, the P fate is defined as the primary or default fate. The o and p blast cells in germinal bands lacking m, n, and q bandlets exhibit normal mitotic patterns (8) , indicating that interactions with these other bandlets are not required for at least the early fate distinction in the O-P equivalence group. The fates of o and p blast cells are not determined solely by interactions among themselves, however. In Theromyzon rude, for example, o blast cells transfate after ablation ofthe p bandlet only ifthey assume the position previously occupied by the p bandlet (14) . In addition, when cells in the epithelium overlying the germinal band are photolesioned in H. triserialis, o blast cells can transfate, even though the p bandlet is still present (15) .
In the present experiments, one O/P teloblast was induced to undergo a supernumerary equal division before it had produced any primary blast cells, and the fates of the progeny of the three (two "duplicate" and one "nonduplicate") ipsilateral O/P teloblasts were determined by their early mitotic patterns or by the phenotypes of their definitive progeny.
MATERIALS AND METHODS Methods were as described (16) (17) (18) . The (17) . At stage 10, definitive progeny of supernumerary teloblasts are phenotypically indistinguishable from those of a homologous, nonduplicated teloblast. The mechanism by which poly(A) induces supernumerary cleavages of teloblasts is not understood. In the 17 experiments reported here, the percentage of poly(A)-injected teloblasts that underwent a supernumerary division ranged from 10% to 44%. Overall, a total of 165 duplicated O/P teloblasts that generated bandlets were obtained in 842 poly(A)-injected embryos (20%o). O/P teloblasts that were injected with poly(A) but failed to subsequently undergo a supernumerary division (n = 456; 54%) gave rise to healthy bandlets and normal sets of either 0 or P descendants at stage 10. In the remaining embryos (26%), the injected teloblast died or failed to make a healthy bandlet.
Fates of Duplcted Bandles at StageS. The mitotic patterns ofbandlets derived from poly(A)-injected O/P teloblasts were those characteristic of o or p, rather than m, n, or q, bandlets. In addition, the relative positions of these putative o and p bandlets were consistent with those of o and p bandlets in normal development; bandlets with cells whose mitotic patterns resembled p blast cells were positioned capward of bandlets with cells whose mitotic patterns resembled o blast cells. Bandlets derived from duplicate O/P teloblasts that lie next to the q bandlet shall be referred to as duplicate capward bandlets and those lying next to the n bandlet shall be referred to as duplicate anticapward bandlets (Fig. 1) .
Contrary to the expectation that all supernumerary bandlets generated from O/P teloblasts would exhibit only A cross section of the germinal plate shows the relative positions of the ectodermal (n, o, p, and q) and mesodermal bandlets (m). In normal development, the p bandlet is closer to the micromere cap (capward) than is the o bandlet (anticapward), and the teloblasts from which they arise are designated as generative 0 and P teloblasts. Bandlets can be distinguished from one another on the basis of the stereotyped mitotic patterns of their blast cell clones (7) (8) (9) (10) , and each gives rise to a distinct subset of segmentally iterated definitive progeny, which can be identified as pattern elements in the juvenile leech (11 (9) .] Of the remaining 10 embryos with duplicate capward bandlets, 7 (i.e., 22% of the total) showed the p type mitotic pattern in the most capward bandlet of the pair and the o type in the other bandlet. In the 3 remaining embryos with apparently healthy duplicate capward bandlets, the mitotic pattern of the bandlet lying between identifiable p and o bandlets was unclassifiable.
Fates of Duplicated Bandlets at Stage 10. The different division patterns of the first mitoses of primary o and p blast cells do not indicate strong commitment to definitive 0 or P fates (7, 10, 12, 15) .. Consequently, the fates of primary blast cells in bandlets derived from duplicated O/P teloblasts were also characterized in stage 10 embryos.
In normal development, o and p primary blast cells make segmentally iterated sets of definitive neural and epidermal progeny (Fig. 2) , a number of which can serve as diagnostic pattern elements to assess the 0 or P character of a clone. Moreover, in embryos stained with the dye Hoechst 33258, the number of nuclei associated with a patch oftissue that has been labeled with lineage tracer can be determined, so that the duplication of a given pattern element can be assessed.
To 8, 16 were successfully cultured to stage 10, dissected, and found to contain adequately labeled definitive progeny. In each of these embryos, an apparently complete complement of 0 kinship group pattern elements, many of which were associated with supernumerary cells, was labeled with RDA only (Fig. 4 A and B) , and an apparently normal complement of P kinship group pattern elements was labeled with FDA. Of 23 embryos with duplicate capward bandlets at stage 8, 10 could be scored at stage 10; in each of these embryos, an apparently complete set of pattern elements in the P kinship group, many of which were associated with supernumerary cells, was labeled with RDA only (Fig. 4 C-F) , and an apparently normal complement of pattern elements in the 0 kinship group was labeled with FDA. Thus, we conclude that the definitive progeny derived from supernumerary bandlets assumed the fate characteristic of the generative identity of the duplicated O/P teloblast.
The duplication of 0 and P pattern elements in stage 10 embryos was not complete, in the sense that not all of the diagnostic pattern elements in the kinship group were associated with supernumerary RDA-labeled cells (Table 1) . Certain cells-namely, pz5, pz7, and LD1/pz6 in the P kinship group and ozl, oz2, and LD2 in the 0 kinship group-were duplicated most regularly. In segments with duplicated peripheral elements, the ganglia also appeared to have many more cells than normal, but such cells could not be unequivocally identified as 0 or P pattern elements because cells from both kinship groups are found in some of the same areas of the ganglia. Because supernumerary cells were scored only ifthey were unambiguous, it is possible that all pattern elements were duplicated and that some merely failed to assume their characteristic position. Alternatively, there might be a variable reduction of supernumerary pattern elements due to alterations in cell lineage patterns.
Identifiable definitive progeny of duplicated capward bandlets were exclusively of the P type at stage 10, even though capward bandlets occasionally exhibit o type divisions in stage 8 embryos. From these observations, we infer that primary blast cells in duplicate capward bandlets are capable of giving rise to progeny of the P fate, even after having undergone unequal divisions, and in the presence of an o and a p bandlet. These results are consistent with the notion that the different geometries of the first mitoses of primary o and p blast cells, while strongly correlated with distinct 0 or P final fates in normal development, do not indicate strong commitment to those fates (10, 12, 15) .
Plasticity of Cell Fate. Evidence for the developmental plasticity of blast cells in duplicated bandlets was obtained from a number of embryos in which the FDA injection had temporarily interrupted the production of primary blast cells by the nonduplicated teloblast. The anterior part of the germinal band in these embryos contained only the two RDA-labeled duplicate O/P-derived bandlets, while the posterior part of the germinal band, generated after the FDAinjected teloblast had resumed blast cell production, contained the third FDA-labeled bandlet as well. Some of these embryos had duplicate anticapward (and delayed capward) bandlets, and others had duplicate capward (and delayed anticapward) bandlets.
An examination ofthe fates ofthe definitive progeny ofthe labeled bandlets revealed that duplicate anticapward as well as duplicate capward bandlets are capable oftransfating. The rostral segments of these embryos contained the normal number of diagnostic pattern elements of both the 0 and the P kinship groups labeled with RDA and none labeled with FDA. In the more caudal segments, where FDA-labeled cells derived from the nonduplicated bandlet were present, the identifiable diagnostic cells labeled with RDA in individual specimens were either exclusively 0 pattern elements or exclusively P pattern elements, and some of these were associated with supernumerary RDA-labeled cells. Pattern elements labeled with FDA were of the complementary type.
Additional evidence for the developmental plasticity of duplicated capward (p) bandlets was obtained from a single embryo that exhibited a spontaneous transposition of the nonduplicate bandlet and one of the duplicate bandlets. In the rostral part of the germinal band in this embryo at stage 8, the nonduplicated (FDA-labeled) bandlet lay capward to the duplicate (RDA-labeled) bandlets, but more caudally, the nonduplicated bandlet lay between the duplicate bandlets. By stage 10, the nonduplicated bandlet had given rise to P pattern elements in the most rostral domain of the embryo and to 0 pattern elements in a more caudal region (Table 2 ). In addition, whereas the duplicated anticapward bandlets gave rise to exclusively 0 pattern elements in the rostral domain of the embryo, they gave rise to both 0 and P pattern elements in the caudal domain, indicating that one of the duplicate capward bandlets had transfated. (13) . The early mitotic pattern of the switched p bandlets indicated that they had been redirected toward the o fate. In such embryos, only one of the three ipsilateral O/P-derived bandlets exhibited the P mitotic pattern, as ifthe fate-determining interactions permit only one bandlet to assume the P fate. The present results, based on observations of both early mitotic patterns and definitive progeny, clearly demonstrate that two bandlets within one germinal band can assume the P fate and that the less favored direction of transfating from P to 0 can, in fact, occur. In addition, these results further support the idea that position-dependent interactions with cells outside of the equivalence group contribute significantly to the o/p cell fate decision.
The observation that both duplicate anticapward bandlets assume the 0 fate indicates that direct contact with p blast cells is not required for cells to assume the 0 fate, consistent with the result obtained in Theromyzon embryos that blast cells in the o bandlet do not transfate unless they assume the position previously occupied by the p blast cells (14) . In addition, the observation that both duplicate capward bandlets can assume the P fate suggests that direct contact with p blast cells may not be a sufficient condition for cells to assume the 0 fate, consistent with the result, obtained in Helobdella, that after ablation of cells in the overlying Labeled pattern elements divide the germinal plate into three distinct zones, A, B, and C. The nonduplicated bandlet gave rise to exclusively P pattern elements in region A, in accord with its capward position, and transfated to give rise to 0 pattern elements in the caudal region C. The RDA-labeled duplicated bandlets gave rise to exclusively 0 pattern elements in region A and to both 0 and P pattern elements in region C, indicating that one of the duplicated bandlets transfated upon its transposition to the capward position. Region B, the transition zone, contained few FDA-labeled cells, most likely due to a short break in the bandlet. Abbreviations are the same as for Fig. 2 .
